Serum neuron-specific enolase (S-NSE) 
Treatment outcome in cancers with short survival is usually recorded as an improvement of the prognosis. In small-cell lung cancer (SCLC) some of the first identified prognostic factors were performance status (PS) and disease extent (Edmonson et al., 1976; Cohen et al., 1979; Ihde et al., 1981) , both still recognised as clinically useful determinants of the prognosis. Later on, the influence from biochemical variables was stressed . In itself these continuous variables are more exact than stage of disease, which depends on the choice and sensitivity of staging procedures, and PS, which is the result of a rather rough individual estimate.
In selection of candidate prognostic factors the influence on survival is most important, but the size of the fraction of patients with a positive test also plays a role (Rawson and Peto, 1990) . In SCLC pretreatment serum neuron-specific enolase (S-NSE) has both qualities. In a series of studies pretreatment S-NSE was found to be increased in 80% of patients. (Akoun et al., 1985; Cooper et al., 1985; Harding et al., 1990) . In two multivariate studies S-NSE proved to be a prominent prognostic factor together with strong factors such as PS and stage of disease (J0rgensen et Johnson et al., 1993) . S-NSE was positively correlated to serum lactate dehydrogenase (S-LDH), and the influence on survival of S-NSE was correlated to that of the concomitant S-LDH, and both correlated to stage of disease. Several multivariate analyses including routine laboratory data, PS and disease stage have proved that reasonable prognostic stratification is possible without inclusion of stage in the stratification algorithm (Souhami et al., 1985; 0sterlind et al., 1986) . In a review on data from 3873 patients from ten centres (Rawson et al., 1990) , PS and serum alkaline phosphatase (S-AP) were both strong prognostic predictors. S-AP might be substituted by S-LDH, which was, however, only available from a minority of the ten centres. An index based on PS, stage of disease and S-AP or S-LDH as indicators of extensive disease was advocated.
To elucidate further the influence of S-NSE and S-LDH on prognosis a retrospective multicentre study was carried out. The aim was to evaluate the prognostic influence of S-NSE and S-LDH in conjunction with other important prognostic factors such as disease stage and PS, to reassess the previously identified important categorisation of continuous variables, and, if possible, to establish a simple powerful prognostic index. Centres, which had published on S-NSE in SCLC, were contacted and original data were gathered for a combined, multivariable analysis. LGM J0rgensen et a! 464 (Karnofsky, 1949) scale values after the guidelines in Table I . Survival data in weeks or months were converted into days by multiplication with 7 and 30 respectively.
Assays
The RIA-NSE assay from Pharmacia, Sweden, was used in all but two centres, which used corresponding methods. The upper reference limit of S-NSE based on measurements in healthy persons was 12.5 jug I1 at all nine centres. There was more variation from centre to centre in the methods used for analysis of S-LDH, S-AP and S-CEA. All marker values were normalised by division with the upper reference limit of the marker at the individual centre. The integer part of the resulting figures could thus be regarded as a factor of increase.
Statistical analyses
The prognostic impact of the pretreatment variables summarised above was investigated by use of Cox's proportional hazard multivariable regression model (Parmar and Machin, 1995) . The hazard function is given by k (t; z) = Xo(t)exp(zf), in which z is a vector of covariates and # the corresponding vector of regression parameters (Kalbfleisch, 1980) . The variables were categorised as follows: z =0 for normal values of the biochemical markers (i.e. (upper reference limit), and for limited disease, PS > 80, male sex and age (60 years; z = 1 for extensive stage, PS < 80, female sex and age > 60 years. Increased marker values were categorised according to clinically meaningful cut off points defined by the factor of increase above the upper reference limit as z = 1 when> factor 1 and (factor 2 (of upper reference limits); z =2 when> factor 2 and (factor 4; z =3 when> factor 4 and < factor 6; z = 4 when > factor 6.
As the basic question was the prognostic influence of S-NSE in SCLC a Cox model for this variable alone was derived in the first phase of the analysis. Dummy variables for centre of origin were included to adjust for influence from factors such as therapy and care. The centre contributing most patients (C7, n = 149) was selected as baseline and the centre influence thus represented by eight dummy variables. Different models were investigated, first including S-NSE as a continuous variable followed by categorisation of S-NSE (Parmar and Machin, 1995) . The other variables were included in a structured way, first stage and PS and then age and sex, for which previous investigations have shown minor impact (Rawson and Peto, 1990 ). The final model thus included both biochemical and clinical variables. A significance level of 0.1 was set as the limit for inclusion and exclusion of single variables in the model. In the selection between the models, the model which fitted the data best was selected and differences between models assessed by the Wald test applying a significant level of 0.05 (Parmar and Machin, 1995) . The Cox model requirement of proportional death hazards between prognostic categories was tested graphically by log minus log survival plots. Based on the regression coefficients in the final model we established an algorithm for prognostic categorisation, and Kaplan-Meier plots (Kaplan and Meier, 1958) were calculated for groups of patients with different prognostic scores.
Results
Pretreatment characteristics are listed in Tables II and III. Median survival duration was 267 days. Pretreatment S-NSE was increased in 81% of the patients. S-LDH was available in 560 patients with data on both S-NSE and S-LDH, of which S-NSE was increased in 81% compared with 54% increased S-LDH values. The median age varied from 58 to 69 years. Male sex was predominant (69 -95%), but with regional differences. Extensive disease was found in 56% of the patients (range 43-70%), and poor PS was present in 38% of all patients. Kaplan-Meier plots of survival on 770 patients from the nine centres are shown in Figure 1 . Seventeen patients were excluded because of lack of data on status (dead or censored) or on survival.
S-NSE had a significant influence on survival when investigated as a continuous as well as a categorised variable. Reducing the 74 categories to five (0-4) improved the fit significantly (P<0.0001), and identified five classes with significantly different survival (Figure 2 ). Values >250 Mg I`were rarely seen (Figure 3) . Evaluation of the S-NSE classes as separate variables did not change the model (P=0.5) (Table IV) . For the following analyses S-NSE was consequently assessed as a categorised variable with the previously identified cut-off points. LGM J0rgensen et at r_ 465 Integer part of (S-NSE/lupper limit) 145, 197, 170, 75 and 178. At risk after 2 years were: 20, 13, 10, 2 and five patients.
Next, the influence of S-LDH was investigated on the 560 patients with data available. The NSE-model was improved by addition of S-LDH (P<0.005), whereas S-AP had no significant influence (RR= 1.21), and S-CEA was without influence at all (RR= 1.21). Stage of disease was included and possessed significant influence (P<0.01) ( Table V) . Data on PS were available in 500 patients, and addition of PS significantly improved the model (P<0.0001). S-LDH could now be excluded without loss of information (P = 0.153) ( Table VI) . Neither age nor sex had significant influence on survival in any of the analyses. Exclusion of S-LDH enabled Table VII . No significant interaction between the influences of S-NSE, stage and PS could be proved and the prognostic assumption was well fulfilled for all three. Relative risks for the variables are given in Table VII. A prognostic index (PI) was established combining the information from the three variables into a simple algorithm: PI ZNSE + Z.tage + 2zps. Based on Kaplan -Meier plots on the resulting eight groups, four prognostic categories could be established: good (PI = 0), inter A (PI = 1 -2), inter B (PI = 3-6), poor (PI = 7) (Table VIII, Figure 4 ). 
Discussion
As far as we know, this is the first meta-analysis on the prognostic influence of S-NSE in SCLC. The investigation shows that S-NSE is among the most influential prognostic factors in this disease, and it seems to contain the information given by the other routine variables. The prognostic impact of S-NSE has previously been identified in two multivariable studies evaluating S-NSE as a categorised (J0rgensen et al., 1988) or a dichotomised variable (Johnson et al., 1993) both including strong prognostic variables such as PS and stage of disease, and various biochemical variables. The present investigation in a large population extending over more than one centre proved the place of S-NSE in the establishment of a prognostic index.
In spite of different staging procedures at the nine centres, stage of disease had significant influence in the Cox model and could not be ignored in the prognostic stratification of patients with SCLC. The prognostic impact of stage, as well as that of S-NSE, was unaffected by the influence of the centre of origin variables. The influence of PS in the Cox model changed, probably reflecting intercentre differences in assessment of PS as well as the varying influence of PS in relation to treatment. A great variety of treatment regimens was used in this series so a direct investigation of treatment impact on the prognosis was not possible-and not the aim of this study.
About 80% of the S-NSE values were increased, and there were no major differences in this ratio among the nine centres. Early reports presented lower diagnostic sensitivity (Carney et al., 1982) , probably owing to the use of early and individually developed immunohistochemical methods with varying y-enolase specificity. S-NSE is positively correlated to disease extent (Akoun et al., 1985; Cooper et al., 1985; Gomm et al., 1988; Harding et al., 1990) , and the composition of a study patient population may therefore influence the fractions of increased values. In this, as in a previous Cox analysis, we found correlation between the prognostic influence of S-NSE and S-LDH, reflecting that the two variables partly carry the same clinical information. If S-NSE is excluded from the model, S-LDH will be the most influential biochemical factor. The importance of S-LDH is in agreement with previous reports (Osterlind et al., 1986; Cerny et al., 1987) . Being increased in only 54% of serum samples at the time of diagnosis, S-LDH is a less sensitive prognostic determinant than S-NSE, especially in limited stage disease.
The prognostic influence of PS and stage of disease in SCLC has been recognised for about 20 years (Edmonson et al., 1976; Cohen et al., 1979) . Although stage had significant influence in this investigation, its influence was weaker than that of PS and S-NSE supporting the old idea that a reasonable prognostic stratification is possible without data on stage of disease Souhami et al., 1985; Osterlind et al., 1986; Cerny et al., 1987; Vincent et al., 1987) .
Serum alkaline phosphatase possessed negligible influence in this investigation. This is not, however, contradictory to previous reports (Souhami et al., 1985; Rawson and Peto, 1990) , since the latter did not include S-LDH or S-NSE, which both have a stronger relationship to the prognosis. Serum carcinoembryonic antigen may have a weak relationship to survival when investigated by the use of univariate statistical methods, but both this and previous analyses (J0rgensen et al., 1988) clearly prove that this component has no place in a panel of prognostic markers in this disease. Lack of prognostic influence of sex and age is in agreement with previous studies, although a more favourable outlook for female patients, especially (in terms of) long-term survival, has been observed in a few series (Osterlind et al., 1986; Wolf et al., 1991) .
